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DETAILED ACTION 
Information Disclosure Statement 

1 . The examiner has considered the IDS filed October 14, 1999 (a copy was filed August 
13, 2003) and initialed copies of both are included with this office action. 

Response to Arguments 

2. With respect to the examiner's 35 U.S.C. 112, second paragraph rejection of claim 22, the 
rejection is withdrawn because of applicant's deletion of the word "the", which was the point of 
indefiniteness. From the examiner's rejection, it is also clear that "unbinned" means "without 
binning", so applicant's statement of the obvious was unnecessary and trivial. 

3. The examiner withdraws his objection to the Abstract for the reasons stated in MPEP 
section 1893.03(e). 

4. Applicant states that the rejection of claims 22, 3 1 and 33 could not be found in the 
previous office action. Applicant's attention is directed towards the last paragraph on Page 7 of 
the previous office action and onto page 8 for the rejection of claims 22, 31 and 33, which will 
be recreated below. 

With respect to Applicant's arguments that Hasegawa does not teach weighting of individual 
radiation events (p. 6 of response) being used in reconstruction without binning however, the 
examiners reference to "photons in unit time" is preceded by the words "one more" (col. 9, 1. 3) 
which seems to indicate that one or more photons in unit time can be used. Applicant admits that 
Hasegawa has the capabilities to detect single photons (p. 6 of response, last sentence) and 
rightly so because Hasegawa teaches counting single photons at col. 9, 11. 7-12. Hasegawa states 
that he uses "concurrent" algorithms that are used to reconstruct the image during acqusition, this 
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would suggest using "unbinned" photons or separate individual radiation events (col. 11, 11. 64- 
68). Hasegawa goes on to use the individual pixel values (representations of single photons, col. 
9, 11. 10-12) are used to find the objective function used for image reconstruction (col 12, 11. 18- 
40). 

5. With respect to Hudson, the examiner is not relying upon Hudson to teach separate 
unbinned events. 

Therefore, the examiner maintains his rejection of the claims for the above reasons. 

Claim Rejections - 35 USC §102 

6. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

7. Claims 1, 3-9 are rejected under 35 U.S.C. 102(b) as being clearly anticipated by 
Hasegawa et al. (hereinafter Hasegawa), US 5376795. 

As per claim 1, Hasegawa teaches: 

acquiring data (as represented by the pixel data of Hasegawa, or col. 9, 11. 8-12) on the 
geometric coordinates of detection of individual (pixels inherently have geometric coordinate 
values) radiation events ("photons in a unit of time", col. 9, 1. 3, or col. 13, 11. 13-21); 

Separately distributing a weight (col. 13, 11. 29-30) of each of the individual radiation 
events along a line of flight (linear, col. 1 1, 1. 33 and col. 13, 1. 29) associated with the event 
determined from the acquired data (count, col. 9, 11. 9-1 1, 17-19,) on the geometric coordinates 
of detection of the individual event (for "50 ns", col. 9, 1. 25); and 
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iteratively reconstructing the image based on the distributed weights (col. 10, 11. 44-49, 
col. 13, 11. 53-55). 

As per claim 3, Hasegawa teaches: 

wherein the line of flight of an event is determined based on the position at which the 
event was detected on a detector and the acceptance direction of a collimator through which the 
detector receives radiation associated with the events (figures 1 A and IB, col. 10, 11. 51-53). 

As per claim 4, Hasegawa teaches: 

Wherein the line of light of an event is determined by the position on a detector on which 
the event is detected and the location of the source of radiation associated with the event (figures 
lAand IB). 

As per claim 5, Hasegawa teaches: 

wherein the line of flight associated with an event is determined by detection of two 
coincident photons (col. 8, 1. 66-col. 9, 1. 3). 
As per claim 6, Hasegawa teaches: 

wherein iteratively reconstruction the image comprises applying an iterative expectation 
maximization (EM) method on the data in sub-sets (col. 4, 11. 25-29). 
As per claim 7, Hasegawa teaches: 

wherein the individual events form the separate subsets ("image subsets can be generated 
concurrently with acquisition of projection data", last sentence of Abstract). 
As per claim 8, Hasegawa teaches: 

wherein the sub-sets are formed based on the time of acquisition of events (last sentence 
of Abstract and col. 9, 1. 25). The event is recorded for 50 ns. 
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As per claim 9, Hasegawa teaches: 



wherein the sub-sets are formed from unrelated events (col. 9, 11. 8-41). 



Claim Rejections - 35 USC § 103 



8. The following is a quotation of 35 U.S. C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

9. This application currently names joint inventors. In considering patentability of the 
claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 
claims was commonly owned at the time any inventions covered therein were made absent any 
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out 
the inventor and invention dates of each claim that was not commonly owned at the time a later 
invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c) 
and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 

10. Claims 2, 10-35 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Hasegawa and Hudson et al. (hereinafter Hudson), "Accelerated Image Reconstruction Using 
Ordered Subsets of Projection Data", IEEE Transactions on Medical Imaging, vol. 13, no. 4, 
December 1994. 

As per claim 2, Hasegawa teaches: 

wherein the weights are distributed in voxels (col. 10, 1. 41) along the line of flight (ray- 
sums (col. 10, 11. 52) and wherein the weight (fractional weight, col. 10, 1. 47) of a particular 
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event. However, Hasegawa does not specifically teach that such weights are distributed based on 
the probability that an event occurred in particular voxels. But Hudson teaches: 

is distributed based on the probability that an event occurred in particular voxels, (p. 
602, col. 1, in the paragraph continued from p. 601). 

Therefore, it would have been obvious to one of ordinary skill in the art to utilize the 
weighting system of Hudson as an equivalent weighting system in the system of Hasegawa in 
order to take advantage of the full features of Hudson's ordered subset approach. 

As per claim 10, Hasegawa teaches: 

acquiring data on the geometric coordinates of detection of individual radiation events 
(col. 13,11. 13-21); 

applying an iterative expectation maximization (EM) method (col. 4, 11. 25-37) on the 
data in sub-sets (last sentence of Abstract). However, Hasegawa does not teach the following 
limitation: 

which are formed based on the time of acquisition of the data on the geometric 
coodiantes of detection of the events. 

But Hudson does teach such a limitation at p. 601, col, 2, last paragraph that continues on 
to p. 602. Hudson teaches that the photon counts are indexed by time and that the weights 
represent a probability that a pixel from an emission is recorded at certain time. 

It would have been obvious to one of ordinary skill in the art to use the ordered subset 
image reconstruction algorithms of Hudson as the iterative reconstruction procedure of so that 
the images can be reconstructed using less iteration due to an acceleration of the convergence of 
the image data. 
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NOTE: The examiner is differentiating the "acquisition of the data" above from the 
"acquisition of events" in claim 8 because "acquisition of events" implies to the examiner that 
data is determined at certain times over the duration of the imaging process, while an event is a 
discrete occurrence that takes 50 ns and then the second event is recorded. If the two phrases 
have the same meaning, the examiner would appreciate an explanation of the applicant's 
interpretation of the two different phrases as having the same meaning. 

Claims 22, 31 and 33 recite substantially the same limitations as claim 10 above and 
analogous remarks apply. Claims 31 and 33 further recite a limitation that the sensors are 
"spatially continuous area detectors" and "substantially planar area detectors" respectively, which 
is taught by Hasegawa in figures 1A-1D, elements 12, 13 or 14. 

As per claim 11, Hudson teaches: 

wherein the subsets consist of data having less than a 180 degree view angle (120 
degrees, p. 602, col. 2, Sect. Ill, first paragraph). 
As per claim 12, Hasegawa teaches: 

wherein iterations of the EM Method are performed prior to the acquisition of data 
having a 180 degree angle of view (initial image estimate is prior to any data acquisition having 
an 180 degree view angle, col. 4, 11. 48-52). 

As per claim 13, Hudson teaches: 
wherein iterations are commenced on receipt of the first detection event (p. 602, col. 1, second 
paragraph, the initial state is a uniform prespecified starting image). 

As per claim 14, Hudson teaches: 
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displaying an evolving image based on successive iterations iterative method on a display 
(p. 603, col. 1, under Cumulative subsets heading). Under the Cumulative subsets heading, 
Hudson teaches that data is combined to form a current restoration, it would have been obvious 
to one of ordinary skill in the art to display the current restoration to allow the user to see that the 
system is operating properly and to see the development of the image data as the algorithm 
progresses. 

As per claim 16, Hasegawa teaches: 

wherein intermediate images are filtered with a smoothing filter between iterations of the 
EM method (col 8, 11. 29-33). 

As per claim 17, Hasegawa teaches: 

wherein intermediate images are filtered with a noise reducing filter between iterations of 
the EM method (col. 8, 11. 29-33). 

As per claim 18, Hudson teaches: 

wherein data is reused in subsequent iterations of the EM algorithm (p. 601, col. 2, last 
full paragraph). 

As per claim 19, Hasegawa teaches: 

wherein the images are three dimensional images (col. 6, 11. 23-35, voxels are obviously a 
3 dimensional data representation, col. 10, 11. 35-49). 
As per claim 20, Hasegawa teaches: 

wherein the iterative method comprises reconstructing the events without forming two 
dimensional data sets (col. 10, 11 35-49, which teaches voxels, which indicates a three- 
dimensional data set and col. 14, 11. 1 1-13 to correct "partial-volume effects"). 
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As per claim 21, Hasegawa teaches: 

wherein the iterative method comprises reconstructing from the events without forming 
sinograms for slices of the three dimensional data (slices are not used in the reconstruction of the 
images, col. 10. 1. 35-49). 

As per claim 23, Hasegawa teaches: 

wherein reconstructing the image comprises utilizing an expectation maximization (EM) 
method acting on individual unbinned events (col. 4, 11. 25-38). 
As per claim 24, Hasegawa teaches: 

wherein the radiation events are nuclear emission events (col. 1, 11. 40-50, col. 2, 11. 11- 
13, col. 8, 11. 7-10) and the images are emission tomography images (col. 8, 11. 4-8, col. 9, 11. 8- 
25). 

As per claim 25, Hasegawa teaches: 

wherein the radiation events are positron decay events (col. 1, 11. 60-63 or Hudson, p. 
602, col. 2, section III, second paragraph) and wherein the images are PET images (col. 4, 11. 45- 
46, col. 5, 11. 43-45, col. 8, 11. 7-10, col. 9, 11. 4-12 or Hudson, p. 602, col. 2, section III, second 
paragraph). 

As per claim 26, Hasegawa teaches: 

Wherein the radiation events are represented by photons which have passed through a 
subject (col. 9, 11. 8-12) and wherein the images are transmission (col. 6, 11, 3-8). 
As per claim 27, Hasegawa teaches: 

wherein the radiation events are nuclear (radionuclide, col. 5, 11. 43-45) disintegrations 
and wherein the images are nuclear transmission tomographic images (col. 6, 11. 3-8). 
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As per claim 28, Hasegawa teaches: 

wherein the radiation events are X-rays (col. 5, 1. 44) and wherein the images are X-ray 
CT images (col. 3, 11. 50-67, col. 4, 11. 5-9, col. 6, 11. 3-8, col. 8, 1. 66-col. 9, 1. 4). 
As per claim 29, Hasegawa teaches: 

wherein the line of flight associated with the radiation events form a fan beam (clearly 
from Hasegawa's figure 2, the line of flight of the photons will be in the form of a fan beam also, 
col. 7, 11. 28-30). 

As per claim 30, Hasegawa teaches: 

wherein the line of flight associated with the radiation events form a cone beam (col. 7, 11. 

28-30). 

As per claim 32, Hasegawa teaches: 

wherein the spatially continuous detectors are substantially planar detectors (figure 1 A, 
element 12). 

As per claim 34, Hasegawa teaches: 

wherein the plurality of detectors consists of two such detectors (figure 1A, element 12, 
transmission & radionuclide emission detector). 
As per claim 35, Hasegawa teaches: 

wherein the images are three dimensional images (col. 6, 11. 23-35, voxels are obviously 3 
dimensional, col. 10, 11. 35-49). 

1 1 . Claim 15 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hasegawa and 
Hudson as applied to claim 10 above, and further in view of US 5600574. 
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As per claim 15, neither Hasegawa nor Hudson specifically teach terminating a study. 
However, Reitan teaches: 

determining if a study should be terminated based on the image quality of an image after 
an iteration (col. 25, 11. 44-49). 

It would have been obvious to one of ordinary skill in the art to us the automatic image 
quality process of Reitan to automatically terminate the image reconstruction process of 
Hasegawa and Hudson when the image quality does not meet minimum quality standards 
thereby, reducing the amount of time and computational cost that may be wasted by 
reconstructing unusable images. 

Conclusion 

12. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1. 136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1. 136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing 
date of this final action. 
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13. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Martin Miller whose telephone number is (703) 306-9134. The 
examiner can normally be reached on Monday-Friday, 9am-5pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Amelia Au can be reached on (703) 308-6604. The fax phone number for the 
organization where this application or proceeding is assigned is (703) 872-9306. 

Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the receptionist whose telephone number is (703) 305-3900. 
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